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ABSTRACT 
The microflora of Cane Branch of Beaver Creek in McCreary County, 
Kentucky, which drains an area that was strip-mined between 1955 and 1959, 
was studied and compared with that of Helton Branch which drains a com-
parable area where there has been no mining. Differences include: the 
establishment of Ferrcbacillus ferrooxidans, for which procedures were 
developed for direct colony isolation from the stream; fewer saprophytic 
bacteria,; rrore m.unerous and more diversified filamentous and unicellular 
fungi; and characteristic differences in algal flora. Representatives 
of 42 genera of filamentous fungi were identified. Of these, 21 were 
isola,ted only from Cane Branch. Representatives of five genera of uni-
cellular fungi were found. One, Rhoclotorula, was found consistently in 
Cane Branch but never in Helton Branch. From 1966 to 1968, Bumilleria 
appears to have established itself as the dominate alga in Cane Branch 
at same distance downstream from the strip-mine drainage area, Seasonal 
differences in the microflora appear to be relatively insignificant, 
except for the algae. 
FCST Categor,t-V-C 
Key Words - strip mines , acid streams, acid mine water, aquatic micro-
biology*, ecology, environmental effects 
ECOLOGICAL STUDY OF THE EFFECTS OF STRIP MINING 
ON THE MICROBIOLOGY OF STREAMS 
This study has been conducted on the Cane Branch of Beaver 
Creek in McCreary County, Kentucky, which drains an area that was 
strip mined between 1955 and 1959, and Helton Branch which drains 
a similar area where there has been no strip mining and serves as a 
control. These streams are within the Daniel Bcone National Forest 
and appeared ideal to study since no domestic waste is discharged 
into either stream. 
The area selected for study is particularly important because of 
the weal th of information about it that is already available. Between 
1955 and 1966 a Work Group Comnittee made up of representatives of the 
U.S. Forest Service, the U. S. Arnrj Corps of Engineers, the U. S. Fish 
and Wildlife Service, the U. S. Soil Conservation Service, the U. S. 
Bureau of Mines, the U. S. Geological Survey, the Ohio River Valley Sanitation 
Comnission, the Kentucky Department of Economic Development, the Kentucky 
Department of Fish and Wildlife Resources, the Kentucky Geological 
Survey, the Kentucky Strip Mining and Reclamation Comnission, the 
Kentucky Division of Flood Control and Water Usage, and the Kentucky 
Water Pollution Control Commission has been making a study of the hydro-
logic influences of strip mining on the area. 
Different taxonomic groups of microorganisms have been studied 
with particular attention being paid to microorganisms which may contribute 
to or indicate natural recovery of the stream. 1-blecular filter tech-
niques for isolation and enumeration of specific iron-oxidizing bacterium 
have been developed. Samples of water were collected from the stream so 
as to reflect the effect of: 
1. Distance from the source of mining pollution, 
2. Microenvironment of the stream, 
3. Season of year, 
4. Quantity of stream flow. 
Samples have been collected from six sampling stations in Cane 
Branch and one in Helton Branch, during the four seasons. The first two 
stations in the Cane Branch area are located in gullies which receive 
drainage only from the spoil banks. The third station is at the foot 
of a 40-foot falls where the water from stations one and two is mixed 
with water in Cane Branch. Stations 4 and 5 are located in tributaries 
which flow into Cane Branch and drain different spoil banks in the area. 
They are approximately 2500 and 3200 feet, respectively, downstream 
from the falls. The sixth station is located in Cane Branch proper 
approximately 4000 feet downstream from the falls and the rrain drainage 
area. The seventh station, located on Helton Branch, serves as a control. 
Although there is no strip mining in the Helton Branch area, coal seams 
are present, which results in a limited amount of seepage. Both surf ace 
and bottom samples have been studied and the temperature and pH values 
of the stream have been recorded at each sampling station during each 
sampling period. 
Temperature and pH 
The average pH values at the time of sampling at each station 
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are given in Table 1. 'These pH values were obtained with an Instrumentation 
Laboratory, Inc., "PORTO-matic" pH meter, M::>del 175. 'The water temperatures 
averaged 19°c in the summer; 10°c ·in the autumn; 3°c in the winter 'and 11+0 c in the 
spring. 'The average pH values at station 3 through 6 were higher 'during the winter 
'than at ihe oi:rH' seasons. This may be a result of reduced biological activity 
at lower temperatures and less continuous drainage from the strip-mine 
spoil during the winter. Since there appears to be no natural buffering 
in Cane Branch, changes in pH values may be expected to be expressed rrore 
readily. Stations 1 and 2 show less change since both are pools formed 
directly by drainage, in which the water collects before continuing over 
the falls into Cane Branch proper. 'The average pH at station 7 was lower 
in the winter than during the other seasons. This may result from increased 
carbon dioxide being dissolved at lower temperatures causing a decrease in pH. 
TABLE 1 
Average pH at Each Sampling Station by Seasons 
Station Summer Autumn Winter Spring 
1 (Cane Branch) 3.0 3.0 3.2 3.0 
2 (Cane Branch 3.5 3.0 3.2 3.5 
3 (Cane Branch) 3.2 3.3 3.6 3.2 
4 (Cane Branch) 3.3 3.2 3.8 3.3 
5 (Cane Branch) 3.5 3.5 4.1 3.5 
6 (Cane Branch) 3.3 3.4 3.9 3.3 
7 (Helton Branch) 6.5 6.7 6.3 6.5 
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Bacteria 
Iron oxidizing bacteria appear to be indigenous to bituminous 
coal regions; therefore, such microorganisms should be present in acid 
mine water and contribute to the total am::,unt of acid present in such 
water. A chem:,synthetic - iron oxidizing bacterium, Ferrobacillus 
ferrooxidans, which oxidizes fer'lXlus iron to ferTic iron was isolated. 
This organism grows at a pH value of 3. 5 and utilizes ferrous iron as 
its energy source producing ferTic hydroxide and sulfuric acid. 
Primary isolation of!:_. ferrooxidans was accomplished by inoculating 
10 ml of stream water into 150 ml of Aleern1 s rrodification of Silverman-
wndgren's 9K medium. To prepare this medium a basal salt solution is 
prepared to contain: (NH4)2so4, 4.50g; KCl, 0.15g; K2HP04 , 0.75g; MgS04• 
7H2o, 0.75g; and Ca(N03)2, 0.015g; in 1050 ml of dernineralized water. 
This basal salt solution is dispensed in 105 ml quantities in 250-ml 
Erlenmeyer flasks and sterilized by autoclaving for 15 minutes at 121°c. 
A solution of ferrous sulfate composed of: Fe S04•7H20, 67.5g; lO!:!_H2S04, 
0.4 ml; and 375 ml of dernineralized water is filter sterilized. To make 
the complete medium, 45 ml of this ferrous sulfate solution are added to 
105 ml of the basal salt solution. This medium is opalescent green with 
a pH of 3. 5. The inoculated medium was placed on a New Brunswick gyrotory 
shaker (M:xlel G 10) and incubated at room temperature. Within 5 to 10 
days a reddish brown precipitate appeared in the medium, which is character-
istic of a viable culture. Growth appeared within two or three days upon 
subculturing in the same medium. 
Ferrobacillus ferrooxidans was isolated during each of the four 
seasons from Cane Branch. In addition, it was isolated once, during the 
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s1.D1'1Iler, from Helton Branch. Although the area drained by Helton Branch 
contains no mines, evidence for a small am:mnt of drainage from coal 
seams into the stream was observed following the isolation of the Ferro-
bacillus. This drainage does not appear to have been sufficient to 
affect the pH of the stream or to change its flora drastically. 
A procedure was developed for producing colonies of F. ferrooxidans 
on a molecular filter from a culture isolated from the stream. Cells used 
for culturing on molecular filters were grown on a rotory shaker in 1-liter 
flasks containing 600-ml amounts of Aleem's modification of the 9K liquid 
medium. After a 72-hour incubation period, the cells were chilled and 
then harvested by continuous flow centrifugation. Toe cell paste and 
iron precipitate were suspended in 28 ml of cold acidic water, pH 3.0-3.5, 
shaken, and allowed to stand in the refrigerator over night. Toe tan 
supernatant, containing the cells, was removed from the underlying layer 
of iron precipitate. This cell suspension was centrifuged for five 
minutes at 270 x g in a Sorvall superspeed automatic refrigerated centri-
fuge (t-bdel RC2-B) which removed most of the precipitate remaining sus-
pended. Toe supernatant was decanted and the procedure repeated a 
minimum of three times. This cell suspension was then centrifuged for 
30 minutes at 10,800 x g. Toe supernatant was decanted and the packed 
cells were resuspended in 120 ml of cold acidic water. Toe cell suspension 
was used within five hours after final dilution. Dilutions of this cell 
suspension were filtered through Millipore filters (HAWG 047 AO) and the 
filter membrane placed on absorbent pads which were saturated with liquid 
medium canposed of: (NH4)2so4 , 0.114 g; KCl, 0.037 g; K2HP04, 0.37 g; 
MgS04·7H2
0, 0.375 g; and Ca(N03)2, 0.007 g, in 1000 ml of demineralized 
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water. A solution of 7. 5 g FeS04 • 7H2o was made in 100 ml of demineralized 
water acidified with 0.1 ml 10 !i_H2so4 and filter sterilized. 
The pH value of the basal salt solution was adjusted to 3.5-4.0 
with 82S04 , dispensed in 100 ml quantities into 250-ml Erlenmeyer flasks 
and autoclaved for 15 nrinutes at 121°C. The complete medium was prepared 
by aseptically adding 1.0 ml of the ferrous sulfate solution to each 
flask. The pH value of the complete medium was 3. 0 to 3. 5. These plates 
were incul::ated at 2a0 c. 
F.ach plate contained isolated colonies within 24 hours. The 
colonies were cream to light tan and approximately 1 mn in diameter. 
Isolated colonies were inoculated into Aleem's medium and growth occ1..lr'l'.'ed 
within 24 to 36 hours at 28°C. Microscopic examination of the cultures 
showed the organism to be an actively motile, gram-negative rod measuring 
0.6 to 1.0 µ in width and 1.0 to 1.6 µ in length. 
F. ferrooxidans was also isolated directly and consistently from 
the surface and bottom samples on filter membranes in large numbers. The 
bottom samples were centrifuged at 11,700 x g. The supernatant was decanted 
and the packed JIU.ld treated exactly as the cell paste obtained from the 
liquid culture of F. ferrooxidans. The only treatment of surface samples 
was prefiltration using Millipore absorbent pads before filtration through 
the membrane filter. The same medium and incul::ation conditions were 
used as previously described. Again well-isolated colonies appeared 
within 24 hours. l-bre colonies, 5 to 6 times as many, were obtained from 
the bottom samples. 
Standard plate counts were made at 20 and 35°C to determine the 
number of saprophytic bacteria in both Cane and Helton Branches. As a 
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result of sporadic stream flow and turbidity in both streams, consistent 
counts were not obtained. However, they did show a much larger number 
of saprophytic bacteria in Helton Branch, 4000 to 50,000, as compared 
with Cane Branch, 100 to 2000. Attempts to observe periphytic bacteria 
were made by suspending slides in the streams , However, the distance of 
the stream from the laboratory made frequent observation impossible and 
slides were lost due to flooding. Those which were recovered were covered 
with such a large amount of precipitate as to have little value. 
The pH values of Cane Branch in the area which was strip-mined 
indicates that the increased amount of acid has altered the natural con-
ditions of Cane Branch as ccrnpared to Helton Branch. The lowering of the 
pH, increase of sulfates and almost total elimination of bicarbonate 
alkalinity have resulted in the alteration of the microflora of Cane 
Branch. These conditions have resulted in the establishnent of F. ferroxidans, 
which biologically contributes to the acidity of the stream. The isolation 
of this organism from Helton Branch is not surprising since F. ferrooxidans 
is believed to be indigenous to bituminous coal regions. However, the 
density of organisms appears to be so low that no pronounced biological 
effects are evident. Although counts of saprophytic bacteria fluctuated, 
the counts of these bacteria in Cane Branch were considerably lower than 
the counts in Helton Branch which further indicates an alteration of the 
microflora of Cane Branch. 
Tungi 
The occurrence of filamentous fungi, yeast, and true aquatic fungi 
in Cane and Helton Branches was investigated. Filamentous fungi were 
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isolated by 1113king serial dilutions of the samples and preparing pour 
plates of neopeptone-dextrose-streptomycin agar. As fungal colonies 
appeared they were picked and the resultant cultures were checked for 
purity, and maintained on stock medium until identified. The agar block 
slide technique was used in identification. 
Study of the true aquatic fungi was confined to those easily 
observed. This was done by covering boiled hemp seeds with approximately 
100 ml arrounts of sample water in crystallizing dishes. These prepara-
tions were allowed to incubate at roam conditions of light and temperature 
for about 14 days. The fungi colonize on the hemp seed and can be identified 
to genus using the low-power objective of the microscope. 
For the isolation of yeasts, two different concentrations of medium 
were used. The J::asic ingredient is Wickerham' s yeast nitrogen J::ase. A 
lOX stock solution of this is prepared by adding 6. 7 g per 100 ml and 
filter sterilizing. Tw::, concentrations of glucose solutions, 2% (w/v) 
and 40% ( w/v) , are prepared and filter sterilized. The complete medium 
is prepared by aseptically adding 2.5 ml quantities of the yeast nitrogen 
J::ase stock solution to 22,S ml quantities of distilled water previously 
sterilized by autoclaving for 20 minutes at 121°c in 250-ml Erylenmeyer 
flasks. Then 25-ml volumes of medium of 2% and 40% glucose solution are 
added to give final SO-ml volumes of medium of 1% and 20% glucose con-
centration, respectively. Each concentration of medium was inoculated 
with 1. 0 ml of sample water. The flasks were placed on a rotary shaker 
and shaken at 120 to 150 oscillations per minute for 64 hours at room 
conditions of light and temperature. Then the flasks were removed and 
allowed to stand on the laboratory bench for four hours. The yeast 
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cells, when present, settle to the bottom, the bacteria remain in sus-
pension, and filamentous fungi remain in suspension or float on the surface. 
Plates of yeast extract-malt extract-glucose agar were streaked from 
each flask. These plates were incubated at 20°c for two to three days. 
If colonies were discrete, transfers were made to neopeptone-glucose 
agar alants; if not, streaks were made on Diamalt agar plates. Cultures 
were purified by repeated streaking on neopeptone-glucose agar and main-
tained on neopeptone-glucose agar slants. The yeasts were identified 
by ~.icroscopic and physiological methods. Carbon replication tests were 
done to determine the amounts of growth on 30 carbon sources. Carbon and 
nitrogen auxanograms were made with glucose, sucrose, galactose, lactose, 
and maltose as carbon sources, and ammonium sulfate, sodium nitrite, and 
potassium nitrate as nitrogen solirces. The abilities of the yeasts to 
ferment galactose, sucrose, maltose, lactose and raffinose were determined; 
likewise their abilities to grow in vitamin-free medium and ethanol. The 
type of pellicle, ring and sediment in liquid wort, and the type of growth 
on slants of Diamalt agar were observed. The ability to produce pseudo-
mycelium was also determined. 
Tables 2 through 8 represent the filamentous fungi isolated and 
identified during the four seasons. Certain genera were more prevalent 
in spring, summer and autumn, e.g. Cladosporium, Epicoccum, Mucor, and 
Phoma. Penicillium was prevalent in all seasons. However, more species 
were isolated during the winter. One genus, Trichoderma, appeared 
regardless of season. With the exception of one station, more isolates 
were obtained from bottom samples during the spring and autumn and from 
surface samples during the winter. The same station, 2, was the exception 
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Season 
Spring 
Sumner 
Autumn 
Winter 
TABLE 2 
Fungi isolated at Station 1 
Surface 
Cladosporiurn cladosporioides 
Septonema sp. 
Fusariurn sp • 
Phoma sp. 
Aspergillus sp. 
Cladosporiurn cladosporioides 
EpicocC\.ll'Il purpurascens 
Aspergillus sp. 
Alternaria tenuis 
Cephalosporiurn sp. 
Cladosporiurn cladosporioides 
Epicoccurn purpurascens 
Al ternaria sp. 
Curvularia sp. 
Trichoderma. viride 
Al ternaria sp. 
Fusariurn sp. 
Thielaviopsis sp. 
Bo:srytis sp. 
Trichoderma. viride 
Penicilliurn (9 species) 
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Bottom 
Rhizopus arrhizus 
Eciococcurn purpurascens 
Penicillilll'Il sp. 
Mucor sp. 
Trichoderma. viride 
Rhinotrichlll'Il sp. 
Trichoderma. viride 
Alternaria tenuis 
Aspe~illus sp. 
Penicillilll'Il sp. 
Mucor angulisporus 
EpicocC\.ll'Il purpurascens 
Phorna. sp. 
Absidia sp. 
Mucor sp. 
Trichoderma. viride 
Phoma Sp, 
Alternaria sp. 
Penicilliurn sp. 
Epicoccurn purpurascens 
Monosporiurn sp. 
Phialophora fastigiata 
Trichoderma viride 
Penicilliurn sp. 
Mucor sp. 
Season 
Spring 
Summer 
Autumn 
Winter 
TABLE 3 
Fungi isolated at Station 2 
Surface 
M.lcor sp. 
Fusarium sp. 
Beauveria bassiana 
Epicoccum purpurascens 
Phorna sp. 
Trichoderma viride 
Penicillium sp. 
Fusariurn sp. 
Cladosporium cladosporioides 
Alternaria sp. 
Epicoccum Pill1;urascens 
Trichoderma viride 
Mortierella sp. 
Penicillium sp. 
Mlcor sp. 
Cladosporium cladosporioides 
Alternaria sp. 
Epicoccum purpurascens 
Trichoderma viride 
Z~orhynchus moelleri 
Trichoderma viride 
Mlcor f~ilis 
Penicillium (3 species) 
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Bottom 
Phorna sp. 
Mlcor sp. 
Trichoderma viride 
Trichoderma viride 
Penicillum sp. 
Mlcor sp. 
Alternaria sp. 
Cladosporium cladosporioides 
Penicillium sp. 
Mortierella sp. 
Trichoderma viride 
Epicoccum purpurascens 
Pestalotia sp. 
Alternaria sp. 
Mlcor sp. 
Cladosporium cladosporioides 
Trichoderma viride 
Mucor sp. 
Penicillium sp. 
Season 
Spring 
Summer 
Auturrm 
Winter 
TABLE 4 
Fungi isolated at Station 3 
Surface 
Penicillium sp. 
Aspergillus sp. 
Calcarisporum sp. 
Oidiodendron sp. 
Trichoderma viride 
Cladosporium cladosporioides 
Alternaria sp. 
Mucor sp. 
Fusarium sp. 
Tricroderma viride 
Cladosporium cladosporioides 
Mortierella sp. 
Alternaria sp. 
Epicoccum purpurascens 
Penicillium sp. 
Aspergillus sp. 
Phama sp. 
Fusarium sp. 
Ce~halosporium sp. 
Trichoderma viride 
Pen1c1ll1um canescens 
Mucor sp. 
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Bottom 
Geotrichum candidum 
Rhinotrichum sp. 
Epicoccum p~urascens 
Trichoderma viride 
Penicillium sp. 
Phoma sp. 
Cladosporium cladosporioides 
Fusarium sp. 
Mucor sp. 
Alternaria sp. 
Cladosporium cladosIX)rioides 
Trichoderma viride 
Mucor sp. 
Fusarium sp. 
Gongronella butleri 
Penicillium sp. 
Trich:xl.enna viride 
Zygorhynchus sp. 
Cladosporium cladosporioides 
Phorna sp. 
Alternaria sp. 
fticoccum purpurascens 
rtierella sp. 
Fusarium sp. 
Abs1d1a sp. 
Humicola sp. 
Penicillium sp. 
Mucor sp. 
Tricroderma viride 
Gongronella butleri 
Phoma sp. 
Season 
Spring 
Sumner 
Autumn 
Winter 
TABLE 5 
Fungi isolated at Station 4 
Surface 
Cladosporium cladosporioides 
Fusarium sp. 
Penicillium sp. 
Trichoderma viride 
Stemphylium botryocLl!ll 
Epicoccum purpurascens 
Cladosporium cladosporioides 
Alternaria sp. 
Cephalcsporium sp. 
Fusarium sp. 
Trichoderma viride 
Penicillium sp. 
Mucor sp. 
Cladosporium cladosporioides 
Fusarium sp. 
Beauveria sp. 
Monosporium sp. 
Epicoccum purpurascens 
Alternaria sp. 
Hurni cola 
Cunninghamella j aponica 
Trichoderma viride 
Fusarium sp. 
Penicillium (4 species) 
Mucor sp. 
Calcarisporium sp. 
Geotrichum sp. 
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Bottom 
Epicoccum P'l!l;urascens 
Trichoderma viride 
Phom3. sp. 
Alternaria sp. 
Penicillium sp. 
Epicoccum purpurascens 
Trichoderma viride 
Clados~orium cladosporioides 
Aspergillus sp. 
Cephalosporium sp. 
Trichoderma viride 
Penicillium sp. 
Mucor sp. 
CladosPSrium cladosporioides 
Beauveria sp. 
Fusarium sp. 
Phoma sp. 
Gliocladium sp. 
Epicoccum purpurascens 
Alternaria sp. 
Thysanophora ~enicilloides 
Trichoderma viride 
Mucor sp. 
Penicillium sp. 
Season 
Spring 
Sumner 
Aut\.Diln 
Winter 
T:ABLE 6 
Fungi isolated at Station 5 
Surface 
Clado;!!X?rilDil cladosporioides 
Fusari\.Dil sp. 
Trich:xl.enna viride 
Epicoc= purpurascens 
CladosporilDil cladosporioides 
PenicillilDil sp. 
Mucor sp. 
'Irichodenna viride 
Alternaria sp. 
Fusari\.Dil sp. 
Mortierella sp. 
Phoma sp. 
NerratogonilDil sp. 
Pestalotia sp. 
'Irichodenna viride 
Cladospori\.Dil cladosporioides 
Pen1c1ll1\.Dil sp. 
Monospori\.Dil sp. 
ChaetomilDil sp. 
Phorna sp. 
FusarilDil sp. 
Absidia coerulea 
PenicillilDil (2 species) 
'Irichoderma sp. 
Mucor sp. 
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Bottom 
Epicoc= purpurascens 
Fusari\.Dil sp • 
Trichoderma viride 
fbnilia sp. 
Phana sp. 
PenicillilDil sp. 
Pestalotia sp. 
Gongronella butleri 
CladosporilDil cladosporioides 
PenicillilDil sp. 
Mucor sp. 
'Irichoderma viride 
Fusari\.Dil sp, 
CephalosporilDil sp • 
Aspergillus sp. 
Trichoderma viride 
Mucor sp. 
CladosporilDil cladosporioides 
PenicillilDil sp. 
Vert1c1ll1\.Dil sp. 
lbrtierella sp. 
Fusari\.Dil sp • 
Beauveria sp. 
Epicocc\.Dil purpurascens 
Mucor SJ?· 
Pen1cill1\.Dil sp. 
Trichoderma sp. 
Myrotheci\.Dil sp . 
Season 
Spring 
Sumrer 
Autumn 
Winter 
TABLE 7 
Fungi isolated at Station 6 
Surface 
Aureobasidium sp. 
Ph:Jrra sp . 
Cladosporium cladosporioides 
Ph6ma.- -sp. 
Aspergillus sp. 
Alternaria sp. 
Trich:Jderma viride 
Epicoccum pu;rpurascens 
Cladosporium cladosporioides 
Phialopora sp. 
Alternaria 
Cladosporium cladosporioides 
Thysanophora sp. 
Penicillium chrysogenum 
Trichodermasp. 
Mlcor sp. 
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Bottom 
Pestalotia sp. 
Phoma sp. 
Pem.cillium sp. 
Alternaria sp. 
Cladosporium cladosporioides 
Trichoderma viride 
Mucor sp. 
Tusarium sp. 
Cladosporium cladosporioides 
PhoJna sp. 
Trichoderma viride 
Pen1c1ll1um sp. 
Cephalosporium sp. 
Beauveria bassiana 
Tusarium sp, 
Mortierella sp. 
Epicoccum purpurascens 
Trichoderma viride 
Pen1c1ll1um sp. 
Mucor sp. 
Cladosporium cladosporioides 
11::,nosporium sp. 
Paecilomyces sp. 
Zygorhynchus sp. 
Cephalosporium sp. 
Trichoderma viride 
Pen1c1ll1um sp. 
Vert1c1ll1um sp. 
Mlcor sp. 
Aspergillus sp. 
Season 
Spring 
Sumner 
Autumn 
Winter 
TABLE 8 
Fungi isolated at Station 7 
Surface 
Fusarium sp. 
Moru.lia sp. 
Cephalosporium sp. 
Stei;Phylium sp. 
Penicillium sp. 
Cladosporium cladosporioides 
Epicoccum purpurascens 
Phana sp. 
Z~orhynchus sp. 
Rhizopus nigricans 
Beauveria bassiana 
Trichoderma viride 
Mucor sp. 
Cladosporium cladosporioides 
Fusarium sp. 
Alternaria sp. 
Penicillium sp. 
Aspergillus sp. 
Mucor fragilis 
Chrysosporium pannorum 
Fusarium sp. 
Gliocladium roseum 
Ce~halosporium sp. 
Trichoderma viride 
Penicillium (3 species) 
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Bott an 
Fusarium sp. 
{;ladosporium cladosporioides 
Gliocladium roseum 
Penicillium sp. 
Mucor sp. 
Trichoderma viride 
Trichoderma viride 
Fusarium sp. 
Cladosporium cladosporioides 
Pestalotia sp. 
Phana sp. 
Mucor sp. 
Alternaria sp. 
Peyronelaea sp. 
Trichoderma viride 
Cladosporium cladosporioides 
Mucor 
Alternaria sp. 
Fusarium sp. 
Penicillium sp. 
Monochaetia sp. 
Stachylidium sp. 
Mucor sp. 
Trichoderma viride 
Penicillium sp. 
Gliocladium sp. 
Fusarium sp. 
• 
in all three seasons. Distribution was about equal during the surrmer. 
Table 9 shows the filamentous fungi isolated from Cane and Helton Branches. 
The fungi were more numerous and diversified in Cane Branch. A total of 42 
genera were identified. Of these, 17 were isolated from both areas, 21 only from 
Cane Branch, 4 only from Helton Branch. Drainage from the strip-mined area 
appears to have led to an increased fungal flora in Cane Branch. 
Representatives of only three genera of true aquatic fungi were found. 
Achlya, AphanOO!Yces, and Saprolegnia were identified from Cane Branch, whereas, 
only Achlya was identified from Helton Branch. 
Tables 10 through 16 represent the yeasts isolated and identified 
during the four seasons . More genera were prevalent during the spring and 
autumn in Cane Branch whereas more were prevalent during the winter and 
autumn in Helton Branch. 
Table 17 shows the yeasts isolated from Cane and Helton Branches. 
Representatives of 5 genera were found: one only from Cane Branch, one 
only from Helton Branch, and three from both. A greater variety of species 
were found in Cane Branch. Five species of Candida were found only from 
Cane Branch, one only from Helton Branch, and two from both. Two species 
of Torulopsis were found only from Cane Branch, one only from Helton Branch, 
and one from both. Only two species of Cryptococcus were found, one from 
each branch, Probably significant is the fact that members of Rhodotorula 
were consistently found in Cane Branch but never in Helton Branch. Members 
of Trichosporon were found in some samples from Helton Branch, but never 
in samples fran Cane Branch. Representatives of all the genera found in 
streams containing acid mine waste by other investigators were also 
found in Cane Branch with the exception of Trichosporon. However, the 
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TABLE 9 
Sources from which Fungi were Identified 
Cane and Helton Branches 
CladosporilDil 
FusarilDil 
Phama 
Rhizopus 
Epicoc= 
PenicillilDil 
Mucor 
Trichodenna 
Alternaria 
CephalosporilDil 
Beauveria 
Zygorhynchus 
Stemphy lilDil 
Pestalotia 
M:milia 
GliocladilDil 
Aspergillus 
Cane Branch 
Septonema 
Curvularia 
RhinotrichlDil 
Absidia 
Thielaviopsis 
PhialoKhora 
Botrytis 
GeotrichlDil 
CalcarisporilDil 
Oidiodendron 
~nella 
Cunm.nghanella 
Thysanophora 
Mortierella 
NematogonilDil 
Aureobasidil.Dil 
Monosporium 
Humicola 
ChaetomilDil 
VerticillilDil 
Myrothecium 
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Helton Branch 
ChrysosporilDil 
Peyranellaea 
1-bnochaetia 
StachylidilDil 
• 
Season 
Spring 
Summer 
Winter 
Autunm 
TABLE 10 
Yeasts isolated at Station 1 
Isolate· 
Rhodotorula glutinis var rubescens 
Candida krusei 
Rhodotorula rnucilaginosa 
Candida solani 
Torulopsis glabrata 
Rhodotorula glutinis 
Cryptococcus laurentii 
Candida solani 
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Season 
Spring 
S\.Ullller 
Winter 
Autumn 
TABLE 11 
Yeasts isolated at Station 2 
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Isolate 
Rhodotorula glutinis var rubescens 
Torulopsis candida 
Cryptococcus laurentii 
Candida humicola 
Candida solani 
Candida krusei 
Rhodotorula mmuta 
Rhodotorula glutl.rtis 
Season 
Spring 
Sumner 
Winter 
Autumn 
' 
TABLE 12 
Yeasts isolated at Station 3 
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Isolate 
Candida par,apsilosis 
Torulopsis glabrata 
Candida solani 
Torulopsis glabrata 
Candida solani 
Candida krusei 
Candida parapsilosis 
Cryptococcus laurentii 
Season 
Spring 
Summer 
Winter 
Autumn 
TABLE 13 
Yeasts Isolated at Station 4 
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Isolate 
Candida parapsilosis 
Rhodotorula glutinis var rubescens 
Torulopsis versatilis 
Rhddotorula IIRlcilaginosa 
Candida catenulata 
Candida parapsilosis 
Candida krusei 
Candida parapsilosis 
Rhodotorula glutinis 
Candida solani 
Candida parapsilosis 
Candida guilliermondii 
Season 
Spring 
Sunmer 
Winter 
Autumn 
• 
TABLE 14 
Yeasts Isolated at Station 5 
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Isolate 
Candida parapsilosis 
Candida humicola 
Candida melibiosi 
Torulopsis glabrata 
Candida humicola 
Candida solani 
Candida krusei 
Candida solani 
Candida h\.llllJ.cola 
Season 
Spring 
Summer 
Winter 
Autumn 
TABLE 15 
Yeasts Isolated at Station 6 
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Isolate 
Candida parapsilosis 
Rhodotorula glutinis 
Candida humicola 
Candida krusei 
Cryptococcus laurentii 
Rhodotorula glutinis 
Candida krusei 
Candida melinii 
Rhodotorula glutinis 
Candida krusei 
Cryptococcus laurentii 
Candida solani 
Rhodotorula glutinis 
Candida parapsilosis 
Season 
Spring 
SUlllller 
Winter 
Autumn 
' 
TABLE 16 
Yeasts Isolated at Station 7 
- 2.5 -
Isolate 
Trichosporon cutane\.Dil var multisporum 
Candida parapsilosis 
Candida parapsilosis 
Torulopsis glabrata 
Torulopsis stellata var cambresieri 
Tricrosporon cutane\.Dil var mul tisporum 
Candida krusei 
Candida rugosa 
Candida kruse1 
Torul9ps1s stellata var cambresieri 
~tococcus luteolus 
Tricrosporon pullulans 
"' a, 
TABLE 17 
Sources from which Yeasts were Identified 
Cane and Belton Branches 
Candida parapsilosi§ 
Candjda kr'Llsei 
Torulopsis glabrata 
Cane Sranch 
Candida solani 
Candida brnnicola 
Candida catenulata 
Candida guilliermondii 
Candida melibiosi 
'I'orulopsis candida 
Torul~sis versatilis 
Cryptococcus laurentii 
Roo<:10tQPU].a glut:i:nis 
~otorula mucilaginosa 
Rh@dotoPUla minuta 
Helton Branch 
Candida zygosa 
Torulopsis stellata var cambresieri 
Cryptococcus luteolus 
Trichosporon cutaneum var mul tisporum 
Trichosporon pullulans 
' 
• 
species and the number of species ID the genera differed. In addition 
to Candida parapsilosis, six rrore species of Candida and Rhodotorula 
minuta, but not Rhodotorula texensis, were found in Cane Branch. Three 
species of Torulopsis and one species of Cryptococcus were found in Cane 
Branch whereas representatives of these genera were not reported by other 
investigators. Al though Trichosporon was not found in Cane Branch, two 
species of this genus were isolated f:rorn Helton Branch. HCMever, the 
species of Trich:lsporon isolated f:rorn acid streams by other investigators 
was reported as Trichosporon cutaneum. The species isolated f:rorn Helton 
Branch were Trichosporon cutaneum var multisporum and Trichosporum 
pullulans. 
Rhodotorula glutinis has been reported to be associated with 
accelerated acid fonnation by Thiobacillus ferrooxidans and T. thio-
oxidans. Ferrobactl.llus ferrooxidans was: isolated consistently f:rorn Cane 
Branch but only once from Helton Branch. Although Helton Branch does 
not receive drainage from a strip-mined area, there is evidence of seepage 
from naturally-occurring coal seams. Therefore, the finding of !:.:._ 
ferrocxidans is not surprising. It appears that the occasional presence 
of F. ferrooxidans and seepage f:rorn coal seams do not influence the pH value 
of Helton Branch. The occurrence of Rhodotorula only in Cane Branch 
lll3.Y be explained·by the pH values of the two streams, or the continued 
association of Rhodotorula and F. ferrooxidans, or both. 
Algae 
Algae samples were collected f:rorn Cane Branch beginning at the 
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source of the strip-mine drainage and extending downstream. Samples were 
also collected from Helton Branch. The algae identified during the four 
seasons in Cane and Helton Branches are shown in Table 18. The algae 
which were identified during the winter were found only during the winter 
of 1968. No algae were found in either branch during the winters of 
1966-67. The sampling schedule may have been responsible for the failure 
of observing any algae during these winters. Representatives of 23 
genera, Table 19, were found. Of these, four were found in both areas, 
eleven only in Cane Branch and eight only in Helton Branch. Representatives 
of the Cyanophyta were found only in Helton Branch. In Cane Branch the 
am:,unt of algal growth and diversity of types increased from close to 
the strip-mined area where algal growth was essentially confined to 
Euglena in pools with direct sunlight, to station 6 where extensive algal 
growth occurred. Bumilleria sicula was found only in Cane Branch arid 
only at same distance from the strip-mine drainage area. Bumilleria was 
the predcrninate alga in Cane Branch proper during the winter of 1968. 
During this particular season, it was found in Cane Branch at station 6 
and upstream too, but not above station 4 . Bumilleria has been observed 
in all seasons except autumn, being the dominate form near station 6 
during these seasons. Tribonema, an alga belonging to the same order, 
Heterothrichales, and family, Tribonemataceae, as Bumilleria was also 
found at the same locations as Bumilleria during the 1967 surmner. The 
m::irphology of Bumilleria suggested a close relationship with acid-mine 
drainage streams. The brown color of the "H-piece" located along the 
filament, which has been identified as due to iron, suggests that 
Bumilleria may be utilizing fel'I'Ous ccmpounds or that fel'I'ic ccmpounds 
- 28 -
• 
Season 
Spring 
SUIIlller 
Autumn 
• 
Winter 
TABLE 18 
Algae Identified from Cane and Helton Branches 
Cane Branch 
Rhizoclonium hieroglyphicum 
Bumilleria sicula 
!1::>nocila viridis 
Euglena polymorpha 
Stauroneis anceps 
Microthamnion strictissimum 
Cladophora crispata 
Cladophora glomerata 
Euglena sp. 
Hormidium Klebsii 
!1::>ugeotia parvula 
Ulothrix aegualis 
Zygnemopsis decussata 
Bumilleria sicula 
Tribonema bcmbycinum 
Zygogonium ericetorum 
Zygnema insigne 
Euglena sp. 
Hormidium subtile 
Microthamnion strictissimum 
Stauroneis anceps 
!1::>ugeotis sp. 
Euglena sp. 
Ulothrix sp. 
Microtharnnion strictissimum 
Stauroneis sp . 
Bumilleria sicula 
Euglena sp. 
Zygogonium sp. 
Eunotia sp. 
Cladophora sp. 
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Helton Branch 
!1::>ugeotia parvula 
§YI:?si-@ne spencerii 
Fragilaria sp. 
Microtharnnion strictissimum 
Lyngbya diguetii 
Micrasterias sp. 
Meridion circulare 
Oscillatoria formosa 
Ulothrix sp. 
Oedogonium sp. 
Oscillatoria sp. 
Lyngbya sp. 
Stauroneis anceps 
Oedogonium sp. 
Stauroneis sp. 
Oedogonium sp. 
Bulbcchaete sp. 
TABLE 19 
Sources frDIIl which Algae were Identified 
Cane and Helton Branches 
Mougeotia 
Microthamnion 
Ulothrix 
Stauroneis 
Cane Branch 
Rhizocloniurn 
Bumilleria 
Monocila 
Cladophora 
Euglena 
Honnidiurn 
Zygnemopsis 
Tribonema 
Zygogoniurn 
Zygnema 
Eunotia 
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Helton Branch 
Gyrosigrra 
Fragilaria 
Lyngbya 
Micrasterias 
Oscillatoria 
Oedogoniurn 
Meridion 
Bulbochaete 
' 
' 
are being precipitated by it in some Jll3illler. Therefore similar acid-mine 
drainage streams other than Cane Branch were investigated to determine 
if this genus was present. Burnilleria was found in one other stream, pH 2.7, 
which drains an active strip-mine area. However, it was only observed one t:ime 
during the sumner of 1967. Even though Burnilleria appeared to establish 
itself as the dcminate alga in Cane Branch, at station 6, during the 
winter of 1968, it was not observed in any other acid-mine drainage stream 
in the area. However; it has never been found in any stream examined that 
does not contain acid mine wastes. 
The establishment of Burnilleria in Cane Branch sane distance from 
the main drainage area, suggests that this may represent a definite stage 
in the natural recovery of the stream. If Burnilleria is definitely 
associated with acid water, the one time observance of this alga in another 
stream carrying acid mine waste is not surprising. Since the stream drains 
an area in which there is active mining, the stream is subject to drastic 
and sporadic physical environmental changes. If these changes predominate 
for the required length of time, Burnilleria could bloom but not establish 
itself as a dominate member of the rnicroflora. Unfortunately the literature 
does not contain information necessary to determine the natural environ-
mental conditions which permit Burnilleria to establish itself as a normal 
constituent of a rnicroflora. 
Discussion: 
From the data obtained in this study, it appears that acid-mine 
drainage waste has altered the rnicroflora of the receiving stream. Specific 
microorganisms seem to dominate depending upon the degree of acid conditions 
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existing in the stream over a period of time. Al though strip-mining 
was discontinued on a large scale in the Cane Branch area in August, 1959, 
the pH of Cane Branch has remained within a range of 3.0 to 4.1 during the 
two years of this study. This can be attributed to both chemical and 
biological reactions. Initially, acid was produced by a chemical reaction 
of the pyritic material exposed as a result of the strip mining. This 
produced an acid envirorunent which enabled F. ferrooxidans to establish 
itself as a dominate organism of the soil microflora. As a result of 
nornial rainfall and leaching of the soil, this organism was introduced 
into Cane Branch and apparently has become a part of the microflora of 
the stream. This :appears to be the case since the organism can be isolated 
directly from stream water and bottom samples on nolecular filters. F. 
ferrooxidans, having established itself as part of the microflora, con-
tinues to contribute to the acidity of the stream producing H2so4 as one 
of its metabolic end products. 'Ihe necessity of acid conditions being 
present in the stream appears to be verified by the fact that F. ferrooxidans 
has not been isolated repeatedly from Helton Branch. 'Ihe few times that 
this organism has been found in Helton Branch there has also been evidence 
of natural seepage from coal seams. 'Iherefore the continuous isolation 
of F. ferrooxidans in conjunction with a low pH value, 3.0 to 3.5, of 
the water appears to indicate well established acid conditions of a stream 
which results in the alteration of the microflora. Further alteration of 
the microflora due to low pH is shown by the lower counts of saprophytic 
bacteria in Cane Branch. Since many protozoa feed on bacteria this 
affects the population of protozoa present. 'Ihe alteration of the micro-
flora is further shown by the nore numerous and different fungi, filamentous 
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' 
and unicellular, found in Cane Branch. This is not unexpected since 
fungi on the ecosystem can not be determined because of insufficient 
infoI1113.tion concerning the physiology and biochemistry of fungi. The 
isolation of~· glutinis along with!:.· ferrooxidans Jll3.Y well indicate the 
continuing influence of!:_. ferrooxidans on the acidity of Cane Branch. 
The occurrence of both appears to be ccr:related with an acid stream and 
the relationship probably occurs after!:_. ferrooxidans has becane established 
in the stream. This appears true because F. ferrooxidans has been isolated 
sporadically from Helton Branch but~· glutinis has never been found. 
Acid conditions have had an effect on the algal flora in Cane 
Branch. Previous investigators reported that representatives of the 
Cyanophyta have not been observed in acid streams. This has been con-
firmed by their presence in Helton Branch but not in Cane Branch. The 
establishment of certain algae in Cane Branch probably indicates natural 
recovery of the stream. 
mine drainage streams. 
observed in Cane Branch. 
Bumilleria appears to be associated with acid 
When the project began in 1965 this alga was not 
During 1966 and 1967 it was observed occasionally 
and in 1968 it had established itself as the dominate algal form in Cane 
Branch at some distance, 4000 feet, from the Jll3.in drainage area. Acid 
streams in the area of Cane Branch and in Eastern Kentucky were investi-
gated in order to determine some relationship between Bumilleria and acid 
mine streams. However, Bumilleria was not found in any stream in Eastern 
Kentucky and only once in an acid stream near the Cane Branch area. There 
are two reasons why this may have occurred. (1) Strip mining has been 
discontinued in the Cane Branch area since August 1959. All other streams 
investigated are located in areas where active strip mining is in progress 
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ar has been discontinued for approximately five years. Therefore it is 
possible that the establishment of Burnilleria as a dominate form indicates 
sane degree of natural recovery and the streams not yet S\.\Pporting its 
growth have not recovered sufficiently. (2) The Cane Branch area is 
located in a l:imestone region; the other streams are in a sandstone 
region. The leaching of water through the different type of rock strata, 
due to normal rainfall, may contribute either different nutrients or 
affect the concentrations of the same nutrients. 
There appears to be a microflora of acid mine drainage streams 
which undergoes a gradual change associated with the natural recovery of 
the stream. As the stream improves the microflora changes and natural 
recovery is indicated by the dominance of specific organisms or groups of 
organisms. 
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Conclusions: 
Acid stream conditions began in Cane Branch during 1956 as a result 
of coal being strip-mined during May 1955 to April 1956. These conditions 
prevailed through 1958 and were intensified as a result of a second period 
of strip-mining from August 1958 to August 1959. Concentrations of 
dissolved solids, sulfate, acidity and the elimination of bicarbonate 
alkalinity in the water of Cane Branch increased significantly after the 
mining. The microflora of Cane Branch was altered due to the acid stream 
conditions as ~d to Helton Branch which remained free frDm acid 
mine drainage wastes. 
Drainage f:rom strip-mined areas appears to have affected the micro-
flora of Cane Branch. Chemical oxidation of pyritic compounds found exten-
sively in the spoil banks has resulted in the formation of ferrous sulfate 
and sulfuric acid. This appears to have led to the establishment of 
Ferrobacillus ferrooxidans which contributes to the acid draining into 
Cane Branch. As a result the pH of the stream has been lowered allowing 
this organism to be found throughout the stream from the point of initial 
drainage. This, in turn, causes the filamentous fungi to be rrore rn.nnercus 
and diversified and the m.nnber of saprophytic bacteria to be lower. In 
agreement with the work of previous investigators, Rhodotorula has been 
associated with accelerated acid production by T, ferrooxidans. The 
fact that Bumilleria was found only in Cane Branch and same distance f:rom 
the strip-mine drainage area may indicate that it is associated in some 
manner with the natural recovery of the stream. 
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